Abstract
• Auditory features: quality of speech sample, delivery of speech, frequently used words, pronunciation, accent, talking style, dialect used, flow of speech, degree of phonation, nature & degree of pauses, nasality and speech time (S/T) rate.
• Spectrographic parameters: fundamental frequency; formant frequency, formant patterns, amplitude, energy patterns, pitch patterns, loudness, transitional characteristics, bandwidth [29] [30] [31] .
The results for the analysis were recorded and were statistically evaluated to frame the final conclusions. The statistics applied include: All the disguised and control speech samples of each individual were then subjected to different softwares for comparison in order to determine the similarities and dissimilarities in their auditory and spectrographic parameters. Almost 22 acoustic parameters were compared for identification of disguised speakers including:
The subjects were asked to give one of the voice samples by doing some modifications in their original voice. Among the 200 different subjects, the following disguise techniques were adopted including constriction of tract (6%), lowering of pitch (6%), pinching nostrils (9%), pulling cheeks (3%), raising pitch (10%), changing tone/accent (1%), covering mouth (34%), simulating anger (5%), state of cold (2%), mimicry (3%), with some obstacle in mouth (9%), protruding lips (3%), throat infection (3%) and whispering (6%) (Figure 1 ).
Examination and analysis of voice samples
1. Pearson correlation in order to measure the association between ideal and disguised speech parameters. 2. Chi-square test for assessing the dependency between a set of observed values (disguised speech parameters) and those expected (Control speech parameters). 3. Z-test for measuring the amount and nature of variations between disguised and control voice samples of individuals.
Preparing Files for Analysis
Each recording device has its individual format of recording the voice file. The files with inappropriate format do not suit for spectrographic analysis, therefore, it is recommended to convert the file into the accepted format:
Results and Conclusions 
Aural parameters in disguised and control/normal speech
While examination, analysis and comparison of disguised speech sample (n=200) with their respective controls (n=200), it was observed that, the disguising of the voice leads to the degradation of aural parameters with respect to the normal voice conditions. The auditory analysis was carried out in presence of 3 expert listeners in the age group of 25-40 years, using high quality headphones. The disguised and control speech samples of each individual were listened again and again in order to determine the amount of similarities and dissimilarities between them. The results of the analysis were recorded in the proper format ( Figure 2 ).
The parameters like quality of speech, delivery of speech, flow of speech, speech rate and dynamic loudness degrades at higher degree in the disguised conditions as compared to their respective control samples.
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Most of the aural parameters of voice samples disguised by constricting tract, pinching nostrils, covering mouth, obstacle in mouth, in state of cold, in state of throat infection and whispering showed higher deviations from that in their respective control samples. On other hand the voice samples disguised by simulating anger, pulling cheeks and changing accent/tone showed high consistency and similarity in aural parameters with that of their respective control counterparts.
The variations in the aural parameters significantly depend upon the type of speech sample, and were found to be independent of sex of the speaker.
Quality of speech:
Voice quality is derived from a variety of laryngeal and supralaryngeal features, running continuously through the individual's speech. Speech quality degrades at higher level with the condition of voice disguise. About 61% of the total disguised speech samples collected from 200 subjects were having low quality of speech, while the percentage of low quality of speech in control voice samples was only 12% (5 times less than that in disguised samples).
A strong negative correlation in speech quality was observed between the samples disguised by constricting tract, lowering pitch, pinching nostrils, raising pitch, covering mouth, in state of cold, mimicry, obstacle in mouth, protruding lips, throat infection and whispering when compared to speech quality in their respective control samples, indicating significant variations (at alpha=0.05) between two samples ( Delivery of speech: As voice imitation involves the manipulation of articulators to deliver a sound more close to the model voice, majority of about 65% the total disguised speech samples collected from 200 subjects showed low speech delivery, while the percentage of low speech delivery in control voice samples was 25% (2.6 times less than that in disguised samples).
A strong negative correlation in speech delivery was observed between the samples disguised by constricting tract, pinching nostrils, raising pitch, covering mouth, in state of cold, mimicry, obstacle in mouth, throat infection and whispering when compared to speech delivery in their respective control samples, indicating significant variations (at alpha=0.05) between two samples (Table 3 and 4) .
On other hand, high consistency and a strong positive correlation was observed in speech delivery of the voice samples disguised by lowering pitch, pulling cheeks, simulation of anger, protruding lips and changing of accent/tone and their control counterparts, indicating non-significant variations (at alpha=0.05) between two samples (Table 3 Degree of phonation 25% of the total disguised speech samples of both males and females showed low degree of phonation. While none of total control samples of both males and females showed low degree of phonation. This was due to the fact that phonation occurs when the potential energy of the airstream compressed airstream below the larynx converts into the kinetic energy of egressive airflow producing audible sounds. Any form of constriction or modification of the laryngeal passage (in case of voice disguise) results in the turbulence in the airflow causing audible friction, degrading the degree of phonation of voice.
A strong negative correlation in degree of phonation was observed between the samples disguised by constricting tract, pinching nostrils, in state of cold, obstacle in mouth, protruding lips, throat infection and whispering when compared to that in their respective control samples, indicating significant variations (at alpha=0.05) between two samples (Table 5 and 6) .
On other hand, high consistency and a strong positive correlation was observed in degree of phonation of the voice samples disguised by lowering pitch, pulling cheeks, raising pitch, simulation of anger, protruding lips, mimicry and changing of accent/ tone and their control counterparts, indicating non-significant variations (at alpha=0.05) between two samples ( Flow of speech: Flow of speech strongly degrades with voice disguise. About 62% the total disguised speech samples collected from 200 subjects including both males and females showed degraded and low flow of speech, because of the unnatural manipulation of the vocal tract. On other only 11% of control voice samples of both males and females were having low flow of speech.
A strong negative correlation in speech delivery was observed between the samples disguised by constricting tract, pinching nostrils, raising, changing accent/tone, covering mouth, in state of cold, mimicry, obstacle in mouth, protruding lips, throat infection and whispering when compared to speech delivery in their respective control samples, indicating significant variations (at alpha=0.05) between two samples (Table 7 and 8) .
On other hand, high consistency and a strong positive correlation was observed in flow of speech of the voice samples disguised by lowering pitch, pulling cheeks and simulation of anger and their control counterparts, indicating non-significant variations (at alpha=0.05) between two samples( Speaking rate: Speech rate strongly degrades with voice disguise. About 43% the total disguised speech samples collected from 200 subjects including both males and females, showed high variations in speech rate from their control counterparts, because voice disguise is a conscious effort where at each point the impersonator has to go slow to impart perfection in imitated voice model. Sometimes the mimicry artist has to impersonate the voice of person having high speaking rate than his normal capacity.
A weak correlation in speech rate was observed between the samples disguised by constricting tract, lowering pitch, pinching nostrils, pulling cheeks, raising pitch, changing accent/tone, covering mouth, in state of cold, mimicry, obstacle in mouth, protruding lips, throat infection and whispering when compared to speech rate in their respective control samples, indicating significant variations (at alpha=0.05) between two samples (Table 9 and 10).
On other hand, moderate correlation was observed in speech rate of the voice samples disguised by simulation of anger and their control counterparts, indicating non-significant variations (at alpha=0.05) between two samples (Table 9 and Nasality: The percentage of nasality and nonnasality in disguised samples of both males and females was found to be 12% and 88% respectively. 100% of the control voice samples of both males and females showed non nasal sounds. The chi-square value for nasality in all disguised and control voice samples was found to be 23.45 (p<0.0001;df=1) which was found to be significant at alpha=0.05, rejecting the null hypothesis and accepting the alternate hypothesis that the variations seen in nasality significantly depends upon the type of speech sample.
Dynamic loudness: About 40% the total disguised speech samples collected from 200 subjects including both males and females showed low loudness. Loudness varies under different disguise conditions depending upon how much kinetic energy is been delivered to egressive speech sound by the impersonator. On other hand only 10% of control voice samples of both male and female subjects were having low loudness.
A weak correlation in dynamic loudness was observed between the samples disguised by constricting tract, pinching nostrils, pulling cheeks, raising pitch, obstacle in mouth, simulating anger, in state of cold, mimicry, protruding lips, throat infection and whispering when compared to dynamic loudness in their respective control samples, indicating significant variations (at alpha=0.05) between two samples (Table 11 and 12) .
On other hand, strong positive correlation was observed in dynamic loudness of the voice samples disguised by lowering pitch and their control counterparts, indicating non-significant variations (at alpha=0.05) between two samples (Table 11 and Table 12 : pp-values for chi-square test for dynamic loudness of disguised and control voice samples (TOTAL, N=200; df=2) Nature of pauses: 95% of the disguised voice samples and 100% of the control voice samples showed normal pauses. Only the voice samples disguised in state of cold and throat infection, showed abnormal pauses (5%).
The chi-square value for nature of pauses in all disguised and control voice samples was found to be 8.31 (p=0.0039;df=1) which was found to be significant at alpha=0.05, rejecting the null hypothesis and accepting the alternate hypothesis that the variations seen in nature of pauses significantly depends upon the type of speech sample.
Computerized speech lab model4500 was used for conducting the spectrographic analysis of voice samples. The spectrographic parameters like fundamental frequency, formant bands, formant frequencies, energy levels were found to be significantly more reliable in cases involving disguised speech samples than the aural parameters. The values of these voice parameters in disguised remained more consistent with that seen in their respective control samples as compared to aural parameters. Fourth formant (F4): F4 was found to be crucial parameter for identification of voice samples disguised by lowering pitch, pinching nostrils, changing accent, covering mouth, simulating anger, in state of cold, mimicry, in state of throat infection and whispering. The values of F4 in samples disguised by these techniques showed no significant variations from their control counterparts (at significance level of 0.05).
Spectrographic parameters in disguised and control/normal speech
F4 does not found to be important for identification of voice samples disguised by constricting tract, pulling cheeks, raising pitch and obstacle in mouth. The values of F4 in samples disguised by these techniques showed significant variations from their control counterparts (at significance level of 0.05).
Fifth formant (F5):
F5 was found to be crucial parameter for identification of voice samples disguised in state of throat infection, state of cold, changing accent, pinching nostrils and constricting tract. The values of F5 in samples disguised by these techniques showed no significant variations from their control counterparts (at significance level of 0.05).
F5 does not found to be important for identification of voice samples disguised by whispering, obstacle in mouth, mimicry, simulation of anger, covering mouth, raising pitch, lowering pitch and pulling cheeks. The values of F5in samples disguised by these techniques showed significant variations from their control counterparts (at significance level of 0.05).
Energy contour: Energy pattern was found to be crucial parameter for identification of voice samples disguised by lowering pitch, raising pitch, pulling cheeks, pinching nostrils, change of accent and simulation of anger. The values of energy in samples disguised by these techniques showed no significant variations from their control counterparts (at significance level of 0.05).
Energy pattern does not found to be important for identification of voice samples disguised by constricting tract, covering mouth, in state of cold, mimicry, obstacle in mouth, in throat infection and whispering. The values of energy in samples disguised by these techniques showed significant variations from their control counterparts (at significance level of 0.05).
